Permeable asphalt pavements have been one of the solutions used to increase the permeability of road pavements given the growing urbanization and climate change. The high porosity and permeability of surface layers with PA (porous asphalt) mixtures allows the water infiltration and, consequently, reduces superficial runoff and contributes to the recharge of underground aquifers. However, the infiltration capacity may be impaired by clogged pores with sediments. The double layer porous asphalt (DLPA) was developed to mitigate this effect. This is a key issue in the pavements' service life. Information on the clogging processes in these layers is not yet well characterized. The study was carried out using a rainfall simulator in order to generate design storm events with a known intensity and duration. The experimental methodology adopted took into account different phases of evaluation of the infiltration capacity with two clogging cycles (500 and 1000 g m -2 ). The DLPA infiltration capacity was evaluated in the different phases after different precipitation events (100, 200 and 300 mm h -1 ). The results showed that, in general, the double layer porous asphalt has the capacity to drain the water, even after clogging and with lower voids content. The infiltration capacity was partially restored when subjected to simple maintenance.
INTRODUCTION
Increasing urbanization associated with lack of management and inappropriate land use decreases the natural storage capacity for rains, modifying the drainage patterns. In this context, climate change has led to higher and more frequent peak flows, causing an instantaneous increase in storm water (Christensen and Christensen, 2003; Willems et al., 2012) . Urban storm water has been recognized as one of the major sources of pollution in the world (Siriwardene et al., 2007) . When in contact with urban drainage areas it allows the displacement of pollutants to underground soils, for example, harming the land for agriculture. Permeable pavement systems, integrated in sustainable drainage systems (SUDs), are being used as techniques to reduce the impacts of urbanization associated with floods, promoting the control of the volume of rainwater. The main advantages associated with the application of permeable pavements are the control of rainwater runoff, the restoration of groundwater and the improvement of water quality for the soil.
The use of permeable pavements as urban intervention has been proposed as a green infrastructure (GI) solution to mitigate the effects of climate change in recent years around the world (EPA, 2014) . GI aims at the conservation of nature, combined with the use of land related to agriculture, forestry, leisure and recreation, and adaptation to climate change. Concretely, the porous asphalt mixtures used in permeable asphalt pavement (PAP) have unique characteristics that allow them to infiltrate the rainwater through its porous structure. The typical void content of the porous asphalt is 16-25% compared to 4-6% of the void content of a conventional hot mix asphalt (Asphalt Institute, 2003; Putman and Kline, 2012) . Waters may either infiltrate directly into the underlying soils or be stored in a storage reservoir below them (Yong et al., 2008) .
The challenge posed in these pavement systems is to maintain infiltration capacity over the years of service due to lack of maintenance practices, with the greatest concern being susceptibility to clogging (James and Von Langsdorff, 2003) . Clogging may be the result of accumulation of fine sand and sediment in the void spaces of the porous asphalt. The smaller particles fill the spaces between the larger particles, so the thinner those particles are, the greater the clogging rate (Pratt et al., 1995) . A narrower particle size distribution of the aggregates on the surface of the porous asphalt allows retention of the sediments and limits their entry into the underlying layers. This is the effect of the application of a double layer porous asphalt (DLPA) (Hamzah et al., 2013) . Immediately below the surface layer with thinner-sized aggregates a layer with thicker aggregates is applied, which allows the infiltration of the water to the layers with open graded aggregates with a lower sediment influence, as these are retained in the surface layer.
Some studies previously performed have evaluated the state of clogging of permeable asphalt pavements in the laboratory (Fwa et al., 1999; Yong et al., 2013) and in situ (Kayhanian et al., 2012) . In the study by Yong et al. (2013) in permeable pavement systems, the application of rainfall with variable flow magnitudes and with drying periods, doubled the useful life, suggesting that the climatic conditions influence the drainage of the pavements. The case study carried out by Kayhanian et al. (2012) in car parks with porous asphalt mixtures showed that specimens collected from the field had lower porosity in the first 25 mm. Analysing images of core specimens using X-ray, found that most cases of clogging occurred on the surface of the pavement.
Permeable pavements should be inspected several times during the first months after construction and thereafter at least once a year (Shirke and Shuler, 2009 ). Existing surface sediments over time can be corrected by maintenance to limit the risks of clogging and pollution (Legret et al., 1996) . The most commonly used maintenance techniques in the process of cleaning permeable pavements are sweep, vacuum and high pressure jet washing (Balades et al., 1995; Sansalone et al., 2012; WAPA, 2015) .
A permeable asphalt pavement, as a multifunctional green infrastructure, can promote the restoration of the hydrological cycle, improve safety in hydroplaning, reduce tire noise on the pavement and improve urban road drainage (Chu et al., 2017; Fwa et al., 2015; Legret et al., 1999; Sansalone et al., 2012) . However, infiltration and clogging are two aspects of interest, in a continuous process of discussion. This investigation evaluates the infiltration capacity of a double layer porous asphalt before and after two cycles of clogging with graded fine sand, at different precipitation intensities.
MATERIALS AND METHODS

Double layer porous asphalt (DLPA)
The DLPA evaluated in this study consists of two asphalt mixtures with draining characteristics that give them a high porosity. This solution improves the function and durability of porous mixtures and reduces the problem of clogging in permeable asphalt pavements. The porous asphalt with fine aggregates of up to 10 mm at the surface (PA1) functions as a sieve, which limits the entry of sediments into the lower mix with coarse aggregates of up to 15 mm (PA2). The composition of the porous asphalt considered is presented in Afonso et al. (2017) which evaluates the addition of cellulosic fibers. The content of the polymer modified bitumen was 5.2 and 5.1% for PA1 and PA2, respectively. The 0.30×0.30 m pavement slabs were produced in the laboratory with 3 cm thickness for PA1 and 4 cm for PA2. The PA1 slab obtained a porosity of 17.2% and the PA2 slab 22.6%.
Clogging material
In simulations of the effect of clogging performed in the laboratory, the most common material used is sand with a known size distribution curve (Sansalone et al., 2012; Shirke and Shuler, 2009; Tan et al., 2003) . The sand used as clogging material in this study is of mostly granite origin. In the clogging process, the larger particles of sand accumulate in the permeable floor and the spaces between them are filled with dust or fine particles, generated from the contact between the vehicle tires and the pavement surface, which decrease the permeability and clog the pores, making the pavement impermeable (Kayhanian et al., 2012) . The fine sand used was physically characterized by sieve analysis, obtaining a D50 of 0.44 mm, guaranteeing an accentuated graduation in fine particles.
Rain simulator
The test was performed with the help of a rain simulator developed for this purpose. The rain simulator, with a sprinkler nozzle, was adjusted to obtain the desired precipitation intensity characteristics. It was fed by a pump from a 1000-L tank, controlled by a pressure gauge. The slabs were tested on a laboratory-built support with dimensions of 0.50 m in height and 0.30 m in width and length. The height from the surface of the DLPA to the sprinkler was 2.60 m.
Calibration of the precipitation intensities of 100, 200 and 300 mm h -1 was achieved with the flow measurement method. For this, the time required to collect a certain volume of water in the study area with different pressures was recorded. The selected pressure was 2.6 bar. To operate each of the desired intensities without changing the pressure, the test stand was positioned at strategically located points, properly tested, in the center line of the sprinkler nozzle. As for the uniformity of precipitation distribution, the Christiansen's uniformity coefficient (CUC) was calculated for each precipitation intensity. The values of 78.84, 72.24 and 68.51% were obtained for the intensities of 100, 200 and 300 mm h -1 , respectively. According to Merriam and Keller (Merriam and Keller, 1978 ) the CUC value should be above 70%. Although one of the results was lower, it was considered adequate given its proximity.
Evaluation methodology for the infiltration capacity
The test methodology consisted of four phases of evaluation of infiltration capacity for intensities of 100, 200 and 300 mm h -1 for periods of 50 min. The support structure of the DLPA has the possibility of collecting the runoff and infiltrated water. The first phase corresponded to the initial evaluation of the DLPA, that is, after construction with no clogging for each precipitation intensity. In the second phase, the first clogging cycle was applied with a quantity of 500 g m -2 of clogging material (45 g), dispersed manually on the PA1 surface. After this application, the infiltration test was performed for each precipitation intensity. In the third phase, the second stage process is repeated, applying the second clogging cycle of 500 to 1000 g m -2 of total clogging material. Finally, the fourth phase concerns simple maintenance with sweep and vacuum, according to the technique most used in road cleaning, followed by the infiltration test. The slabs were weighed for mass comparison, before and after each of the test phases.
RESULTS AND DISCUSSION
The results analysis focuses on the infiltration capacity of the DLPA and the mass of each of the layers that compose it.
The infiltration capacity of the DLPA, initial and after clogging is presented in Figure 1 , for the three precipitation intensities studied. In the course of the practical tests it was found that no runoff occurred, that flow resulted in water infiltrating the two layers.
The period of time for the gradual increase of infiltration, for all intensities and for the two evaluation phases presented, corresponds to the wetting time of the porous asphalt. That is, even with the pre-wetting of the DLPA, the time elapsed until the start of the test was sufficient for the mixtures to drain most of the water from the pre-wetting, keeping only the wet appearance at the start of the tests. This leads to the behavior presented by the DLPA, where in all the tests carried out, as time elapsed, the layers infiltrated all the water and no surface flow occurred, maintaining a constant infiltration until the end of the test. Thus, either after construction or after clogging, the DLPA has full infiltration capacity. and 300 mm h -1 .
By analysing the results together, for all intensities, it is verified that after the application of 1000 g m -2 of clogging material, the infiltration capacity of the DLPA decreases slightly, presenting a deviation from the initial infiltration without clogging. However, this deviation is not high, presenting differences of about 12% at the 50-min test for the precipitation intensity of 100 mm h -1 and 5% for the precipitation intensities of 200 and 300 mm h -1 . Figure 2 shows the infiltration capacity during the four phases of testing for the precipitation intensity of 300 mm h -1 . The vertical axis presents the most representative range of values, for which the results had greater significance. The graph shows that in the initial test period corresponding to the first clogging cycle the behavior of the infiltration capacity coincides with the same period in the test without clogging. Thus, after application of the clogging material the DLPA behaves exactly as after construction in the first few minutes of testing. After about 4 min the behavior deviates due to the effect of the filling material which decreases infiltration, distancing itself from the initial behavior and remaining constant until the end of the test.
In the second clogging cycle, there is a decrease in the infiltration capacity, relative to the 1 st cycle, clearly due to the doubling of the amount of clogging material applied, which creates a delay in the passage of water through the pores.
It is verified, once again, an overlap in the values of the infiltration capacity in the initial period after the second clogging cycle and after maintenance. In this case, the DLPA exhibits this behavior because at the beginning of the test after maintenance there was still influence of the clogging material that could not be removed with the cleaning. However, after about 12 min of testing, the DLPA recovers the infiltration capacity above the 1 st and 2 nd clogging cycles and is close enough to the initial infiltration capacity. The results allow to conclude that DLPA recovers the infiltration capacity after simple maintenance.
The mass variation in each slab (PA1 and PA2) was analyzed between the initial masses and after each evaluation phase under wet and dry conditions. The percentage differences obtained are shown in Table 1 . By analysis of the results in the surface layer (PA1 slab), in wet conditions, an increase of mass in the two clogging cycles is confirmed, due to the application of the clogging material. In the lower layer (PA2 slab) the differences decreased due to the limitation of the sediment passage through the surface layer clogged in the 1 st cycle. The reduction of mass in the PA1 slab between the beginning and after the maintenance phase results from the cleaning performed on the surface of it. Regarding PA2, its loss was due to the washing of fine material in the pores. However, analysis in wet conditions does not allow accurate assessment of the amount of clogging material in both of the slabs, given the possible existence of water entrapped in it, which is difficult to measure.
In dry conditions, DLPA shows excellent results after simple maintenance, with a residual increase of mass of less than 1%. The small difference between the initial mass and after maintenance with infiltration may be due to the finer materials that were housed in the two layers and were washed by the water infiltrated during the tests with the different intensities. It can be observed, by observation of the results, that the material housed in the second layer is non-existent as it presents differences of less than 0.1%. By visual observation of the two slabs, it was verified that PA1 had a higher amount of thin sediments at the surface, compared to PA2, where the visualization of these sediments is imperceptible. These facts lead to the results of the infiltration capacity evaluation after simple maintenance (Figure 2) , where the infiltration of the DLPA approached the initial one. It is concluded that simple maintenance (sweeping and vacuuming) on a pavement with DLPA is effective in recovering its main function, fully infiltrating rainwater.
CONCLUSIONS
The study concluded that the clogging state affects the behavior of the DLPA as to its capacity to infiltrate rainwater. At any stage of evaluation, the DLPA performance showed identical infiltration capacity results for the studied precipitation intensities. The infiltration capacity after the clogging cycles decreased slightly relative to the initial state of the DLPA. This was due to the clogging of the pores of the PA1 slab on the surface.
In summary, this study allows to prove the advantage of the use of a double layer porous asphalt, since this allows the infiltration of the waters, even in clogged conditions. Under these conditions, a simple maintenance allows the set of porous asphalt to recover their infiltration capacity. Research suggests that even using common maintenance techniques it is possible to obtain good results and maintain the functionality of the pavement.
